Abstract. This paper tells the story of the definition and implementation of a corporate information infrastructure standard within Norsk Hydro. Standards are widely considered as the most basic features of information infrastructures -public as well as corporate. This view is expressed by a high level IT manager in Hydro: "The infrastructure shall be 100% standardized." Such standards are considered universal in the sense that there is just one standard for each area or function, and that separate standards should fit together -no redundancy and no inconsistency. Each standard is shared by every actor within its use domain, and it is equal to everybody. Our story illustrates that reality is different. The idea of the universal standard is an illusion just like the treasure at the end of the rainbow. Each time one has defined a standard which is believed to be complete and coherent, during implementation one discovers that there are elements lacking or incompletely specified while others have to be changed to make the standard work, which makes various implementations different and incompatible -just like arbitrary non-standard solutions. This fact is due to essential aspects of standardization and infrastructure building. The universal aspects disappear during implementation, just as the rainbow moves away from us as we try to catch it.
Introduction
Standards have usually been an issue related to phenomena being shared by large communities like nations or even the whole world. Such standards are set by international committees and relate to issues ranging from measurement (the metric system) to telecommunications. As the number of information systems and the computing equipment grow inside organizations, the need to integrate them becomes crucial. Based on this fact, notions like corporate IT infrastructures have gained attention (see, e.g., Weill and Broadbent, 1998) , and the definition and implementation of "corporate standards" have come into focus. As a company or corporation is different from a nation or the whole world, corporate standards might be seen as highly different from "traditional" standards. We will show in this paper that they are not. Large organizations, through their globalization processes, are becoming too large and diversified for tight centralized control. At the same time they are becoming increasingly embedded into different local environments because close customer contact is crucial for survival.
Corporate standards are almost non-existent as a research issue. Weill and Broadbent (1998) , for instance, simply declare that corporate infrastructures should be implemented by "defining and enforcing corporate standards." They do so without any discussion, which makes one assume that they think that it is selfevident that implementing standards is an important objective and that doing so is trivial. That is a serious misunderstanding.
With the emergence of various plans for making "National Information Infrastructures" it is widely accepted that standards are of crucial importance at the same time as existing strategies for their development and implementation are considered obsolete (Kahin and Abbate, 1995) . However, research to date seems not to have brought any pathbreaking results so far. No new approaches have been developed -beyond a consensus about learning from the Internet experience.
Standards are traditionally considered as purely technical and universal in the sense that there is one definition satisfying the needs for all users. This definition is assumed to be complete, ensuring that all correct local implementations will work in the same way. How to implement and use a standard is assumed given by the standard itself. This view is shared by engineers as well as managers, those involved in the definition of standards as well as their implementation. When implementing specific standards, it is commonly experienced that the assumptions do not hold. The problem, however, is then considered to be the specific standards themselves -they are incomplete and should be extended. For instance, when implementing standardized EDI solutions 1 between two (or more) organizations, one often found that the implementations of the standards are in conflict. This is seen as being caused by the standards' incompleteness. One response to this has been the Open EDI standardization effort (Open EDI, 1997 ). This effort is based on the assumption that the problems experienced will be solved by making the standards complete. "Completeness" means that this will be achieved by standardizing not only the structure of the messages to be exchanged, but also their semantics and the organizational processes the messages will support. A similar approach is also chosen by the Open Distributed Processing standardization (ITU-T, 1997).
Standards and universals
We will in this paper draw on research on issues related to standardization within the field of Science and Technology Studies (STS), trying to illustrate the fruitfulness of their findings for corporate as well as national or global information infrastructure standardization. The view on standards common among "standards designers," which we presented above, is not acknowledged in the STS field.
Communication protocols standards have not been much in focus within STS. On the other hand, standards in a wide sense, are indeed the issue addressed in STS, in particular standards in the form of universal scientific facts and theories and widely used technologies. These studies also, we believe, have something to tell us about information infrastructure standards.
CONSTRUCTING SCIENTIFIC FACTS, THEORIES, TECHNOLOGIES,

STANDARDS
Universality, actor network theorists have argued, is not a transcendent, a priori quality of a body of knowledge or a set of procedures. Rather, it is an acquired quality; it is the effect produced through binding heterogeneous elements together into a tightly coupled, widely extended network. In his study on the creation of universality, Joseph O'Connell (1993) discusses the history of electrical units. Laboratory scientists, US war planes and consumers buying new TVs do not simply plug into some pre-given, natural Universal called the Volt. Rather, the Volt is a complex historical construct, whose maintenance has required and still requires legions of technicians, Acts of Congress, a Bureau of Standards, cooling devices, precisely designed portable batteries, and so forth.
Perhaps the most basic finding within STS is the local and situated nature of all knowledge, including scientific knowledge. Latour and Woolgar (1986) describe how scientific results are obtained within specific local contexts and how the context is deleted as the results are constructed as universal. Universals in general (theories, facts, technologies) are constructed in this way: they become taken as given when the context disappears into a larger space of taken for granted assumptions. This construction process has its opposite in a deconstruction process when universals are found not to be true. In such cases the universal is deconstructed by re-introducing its context to explain why it is not valid in the context at hand (Latour and Woolgar, 1986) .
In spite of the fact that the context of origin and the interests of its originators are "deleted" when universals are created, these elements are still embedded in the universals. They are shaped by their history and not just objectively reflecting some reality (in the case of scientific facts or theories) or being neutral tools (in the case of universal technologies). They embed social and political elements.
In the same way as other universals, infrastructure standards are in fact "local" (Bowker and Star, 1994; Timmermans and Berg, 1997) . They are not pure technical artifacts, but complex heterogeneous actor-networks (Star and Ruhleder, 1996; Hanseth and Monteiro, 1997) . When a classification and coding system like the ICD (International Classification for Diseases) is used, it is embedded into local practices. The meaning of the codes "in use" depends on those practices (Bowker and Star, 1994) . The ICD classification system, developed and maintained by the WHO in order to enable a uniform registration of causes of death globally (to enable the generation of statistics for research and health care management), reflects its origin in the Western modern world. "Values, opinions, and rhetoric are frozen into codes" (Bowker and Star, 1994, p. 187) . The "localness" and contextual aspects of the codes are shown in the sense that common diseases in the third world are less well covered, and the coding system is badly suited for the needs of a third world health care system (ibid., Braa, 1998).
LOCAL UNIVERSALITIES
Marc Berg and Stefan Timmermans argue that studies in the STS field tend to reject the whole notion of universals (Timmermans and Berg, 1997; Berg and Timmermans, forthcoming) . They disagree, saying that universals exist, but they are always embedded into local networks and infrastructures. They exist -as local universals. They argue further that there are always multiplicities of universalities. Some of these will be in conflict. Each universal defines primarily an order it is meant to establish. Implicitly it defines at the same time a dis-order -that does not match the standard. When a multiplicity of standards are involved in an area -which is "always" the case -one standard's order will be another's dis-order. Further, Berg and Timmermans show how a standard even contains, builds upon, and presuppose dis-order.
IMPLEMENTATION -MAKING IT WORK
In parallel with showing how universals are constructed, STS studies have addressed may be more extensively how they are used, i.e. how they are made to work when applied in spite of the seemingly paradoxical fact that all knowledge is local. This is explained by describing how the construction of universals, the process of universalization, also has its opposite, the process of localization. The meanings of universals in specific situations, and within specific fields, are not given. It is rather something that has to be worked out, a problem to be solved in each situation and context. Working out the relations between the universal and the local setting is a matter of a challenging design issue. As a universal is used repeatedly within a field (a community of practice), a shared practice is established, within which the meaning and use of the universal is taken as given. This way of looking at the implementation of universals -making them work -corresponds quite closely to Claudio Ciborra's (1997) arguments for the importance of "care" and "hospitality" in the implementation of information systems.
Just as the development of a universal is not a neutral activity, there are social and political issues involved in the use of universals. As their use is not given, "designing" (or "constructing") the use of universals is a social activity like any others, taking place within a local context where social and political issues are involved.
CORPORATE INFORMATION INFRASTRUCTURE STANDARDS
We bring these theories to bear on the definition, implementation and use of corporate infrastructure standards. We will do this by first showing how the need for a universal solution -a standard -was constructed, how the decision to define and implement a corporate standard called Hydro Bridge subsequently was made, and the definition of its content. However, the main part of the article concentrates on the implementation of the standard. The most characteristic aspect of this implementation process is the repeated discovery of the incompleteness of the standard in spite of all efforts to extend it to solve this specific incompleteness problem. The process is a continuous enrolment of new actors and technological solutions to stabilize the network constituting the standard. This stabilization process never terminates -partly due to the open nature of infrastructures, but maybe more importantly because the standard creates disorder within exactly the domain for which it is designed and in which it is implemented in order to bring the domain into order.
The Bridge Standard in Norsk Hydro has been both a success and a failure. It is a success in the sense that it is widely diffused and several of its components are very useful for large user groups. But it is a failure in the sense that there are still many users using products not complying to the standard and using the standard is highly problematic for larger user groups. The partial success is achieved because Hydro has been quite clever in doing all the required "real-time work" to "make the standard work." This real-time work involves extensive efforts at adapting the standard to local environments, including developing and implementing quite a few gateways and converters and various ad-hoc solutions, and accepting to live with inconsistencies and incompatibilities and managing them in a rather ad-hoc fashion.
Implementing standards -just like information systems -has turned out to be nothing but a straight forward process. The problems encountered when implementing standards -seen as universals -is not just the same old problems repeated. The problems are new and different. To express it somewhat like a sloganinformation systems get implemented although they require continuous maintenance and other forms of "repair" work to keep it working, alive, on track, etc. A universal, however, never gets implemented as such. The universal character disappear during implementation.
Norsk Hydro
Norsk Hydro was established in 1905, based on a scientific breakthrough by Kristian Birkeland -a method for producing nitrogen, and subsequently fertilizer, out of air. Fertilizer (and related products like ammonia) was the only business area until the 1950s, when Hydro started its expansion -moving first into light metals (magnesium and later aluminum) and later oil and gas. These are the core business areas although Hydro has also moved into various other sectors like petrochemicals and even salmon farming and pharmaceuticals.
During the period 1972-1986 Hydro grew rapidly; its income raised from 1 to 60 billion NOK. The growth took place through acquisitions in agriculture (ferti-lizer) and light metals, and by building up brand new activities within oil and gas. Hydro's traditional style of management was to run the factories "hands off." This changed 1985 when it was decided to stop growing and concentrate on consolidating existing business. Around 1996, however, the corporate strategy changed to a focus on growth with the objective to double Hydro's income from 1996 (85 BNOK) to 2005.
Over the years, the nature of the work within Hydro has changed significantly although the focus of the company all the time has been on production within traditional industrial sectors. For instance white collar work has been growing from 33% in 1967 to 75% in 1994.
Although a corporate IT department existed, running the factories "hands off" implied independent IT strategies and solutions. In 1985 this department was reorganized into a business center called Hydro Data. The divisions outsourced their IT to Hydro Data and large parts of their IT personnel were transferred. Top corporate management acknowledged the view that IT was an important issue. Divisions had to work out IT/IS strategies, and they had to evaluate their own IT solutions' value for the company.
During the period 1985-1990 the issues of highest IT priorities for Hydro Data were:
1. Developing unified solutions to avoid the problems of everybody developing their own. 2. Developing corporate infrastructures (and their standards). 3. Building on each others' experiences and developing shared competence. These objectives were to a large extent based on the conclusions of a McKinsey study.
It was decided that organizational structures across divisions should be established to find shared solutions, and that more centralized control and governance were required. A central institution was established, called IS-Forum, responsible for working out common strategies and policies concerning IT, and a "Corporate Steering Group for IT" was set up as the legitimate unit for making decisions at the corporate level. Members of IS-Forum were primarily top IT managers in the divisions while the Steering Group was composed of high level managers in the divisions. The head of the Steering Group was one of the corporate vice presidents.
In 1990 a "consensus process" around common IT architecture started. Consensus was arrived at in 1991-1992 about the importance of standards in general, the establishment of a shared TCP/IP based network, and the need for corporate standards concerning office automation/desktop applications. The corporate standard, defined a bit later, was named Hydro Bridge. This is the standard on which we focus. During the 90's the globalization process has gained momentum, and so has the focus on collaboration across all divisions and the development and use of a shared infrastructure.
It was easy to reach agreement about rather abstract principles and models. However, agreeing on specific standards was more difficult because everybody had their own. One principle established says that divisions need not to conform to corporate standards, but that decisions about not doing so have to be made by top division management. Another principle says that every division should have its IT architecture. Hydro has since that time worked a lot on the development of architectures.
In the fall 1996 a corporate IS unit (called CSI) was established. Its focus is on corporate IS strategy. Hydro Data management reports to the head of CSI, having the title Vice President for IS. CSI works within three areas: infrastructure, change management, and information management. Later the unit extended its focus to cover security and the year 2000 issue.
The Hydro Bridge standard: Constructing the universal
We will now turn to the Hydro Bridge standard -its conception, definition, implementation and use. Bridge is within Hydro seen as the standard defining the infrastructure shared by the whole corporation.
BACKGROUND
The first PCs arrived at Hydro in 1983. PCs were introduced based on local initiatives. The oil community, being "allergic against mainframes" because they had to "turn around fast," was the first adopter. New PC technology was acquired as it appeared in the market: file servers and PC LANs, network operating systems, etc. The first Novel Server was bought in 1987. The variety of products, applications, and configurations exploded, and the need for standardization was acknowledged. Standards for document templates, partition of disks, backup facilities and routines were defined and enforced. The pendulum moved back and forth between standardization and diversification for each new major "generation" of PC technology. The definition of the Bridge standard can be seen as a step in this process -now it was due time for standardizing PC desktop applications.
The ways and at which time standards were settled and enforced were linked to the fact that the central EDP department neither had the required competence nor the capacity to provide the new technologies as they appeared. Some time after a new technology had been introduced, the locally driven diffusion generated a need for making order out of the existing chaos by defining and enforcing corporate standards. And in parallel with the diffusion of PC technology the central EDP department acquired the required knowledge and competence to be active in these standardization processes.
THE DECISION
In 1992 poor integration was becoming widely acknowledged as a major obstacle for smooth operation of the company. This view was well represented among the IT mangers in IS-Forum. There was a lack of integration and communication across divisions and between the divisions and the corporate headquarter, costs were too high, resource use was sub-optimal, etc. The most obvious answer to this problem was -for those concerned -standardization. Agreeing on one and the same product as a standard for the whole company was considered to give huge benefits. Some, however, questioned the very idea of extended inter-divisional communication. Representatives from the aluminum area, for instance, said they were in doubt whether more communication and closer contact between the divisions and corporate headquarter really would help improve company performance.
There was agreement among the members of IS-Forum about developing one corporate standard for desktop applications (as already mentioned). As they knew others had a different view, the Hydro Bridge project was set up in November 1992 to look a bit deeper into the issue: analyzing costs and benefits, important obstacles, possible solutions, etc. The project was staffed by IT personnel. The leader was the IT manager in the oil refining and distribution division. The project soon proposed to the Corporate Steering Group that a corporate standard should be defined and implemented. Among the members of the Steering Group several were sceptical. Those that did not like the proposal tried to shoot it down by arguing that implementing the standard would be too expensive. It was impossible to specify exactly what the costs -not to mention the benefits -would be. However, the project leader presented, a rough estimate. Nobody objected and the Steering Group approved the proposal.
Having decided that a standard should be settled, the next step was to define its content. It seemed obvious for all involved that this was a choice between Microsoft and Lotus products. Most saw Microsoft products as the clear winner. The Bridge project, however, decided, mainly due to costs, to go for the Lotus SmartSuite applications. The project members knew that this decision would be difficult to sell. To make that easier, they translated the issue about which producers' software to buy into a strategic one. To succeed in that effort, they allied with Lotus Notes: Lotus was chosen because Notes was a strategic tool! Spreadsheet, word processing, business graphics, etc. was not most important. The project members argued that the Lotus products covering these areas were considered good enough although several would claim that the corresponding Microsoft applications were considerably better. But as long as Microsoft had no product comparable to Notes, Lotus' products were chosen. By "constructing" Notes as a strategic system, and accordingly much more important than the others, they were able to avoid the discussion about whether AmiPro and 1-2-3 "really" were better products than Word and Excel. They realized that that discussion could never be won by the Lotus advocates.
The decision was finally accepted. But there was indeed a hard fight during the spring and early summer 1993. Those who preferred Microsoft applications objected strongly. To win the fight, the project group needed more allies than Notes. Top managers at corporate headquarter were involved and "used their muscles" to get the decision through. Having decided on the content of the standard, there were still more issues to take care of. Among these were the scope, the reach and range in Peter Keen's (1991) terms, of the standard. Who should use it and in which functions or use areas? Initially, those advocating the Bridge standard meant that there should be no other systems used by anybody inside Hydro for functions which Lotus SmartSuite products covered. However, to obtain required acceptance for the decision, the Bridge project group had to open up for using Microsoft products in some areas. These include some areas where large software applications were developed in Excel. Such applications were developed, for instance, for interpretation of data from lab equipment and for currency transformations in some budgeting support systems. Word was also accepted as the preferred word processor in several joint projects with other oil companies where the others required Word (or other Microsoft products) to be used as a shared platform.
Bridge as a corporate standard was formally approved by the Steering Group for Information Systems on 29 April 1994. But even in the very first version of the Bridge standard as defined at this moment, the ideal of having just one corporate standard was in fact already given up.
ASPECTS OF OPENNESS
The rest of the history of Bridge is a story about an endless fight between the designers who try to define a standard that is complete and equal for all on the one side (catching the rainbow) and reality which never accepts this on the other (the rainbow disappears as one tries to catch it). We will in the rest of the article illustrate how this fight unfolded. The fight never ends because the definition of a complete standard equal for all presupposes a closed world while the world they try to standardize is indeed open. We will in the next sections illustrate various directions along which the designers have to move to implement the standard and where they meet the openness of the infrastructure defined by the standard:
• An infrastructure like Bridge requires another, underlying, infrastructure. The latter also has to be defined by a universal standard in order to make the Bridge standard universal. This underlying infrastructure will again require its own underlying infrastructure, etc.
• The local sites where Bridge is implemented and which it will link together are different and have all their unique and local needs, practices, and existing infrastructures. The existing practices and infrastructures are also open in the sense that they involve other organizations.
• The applications included in the Bridge standard are not used in isolation.
They are used together with different other applications. This means that the users feel that these other applications should be integrated with the Bridge applications and possibly included into the standard. If new applications are included into the standard, these applications are again used with others which then possibly also should be included, etc. Which applications are used together with Bridge applications vary among Norsk Hydro sites and is partly depending on which applications the organizations they are collaborating with are using.
• The standard, and the infrastructure it defines, are open in the sense that they include social, or non-technological, elements as well technical ones. For instance, the infrastructure will not work (over time, at least) without an extensive support organization.
• The standard is a part of an open and dynamic world. This implies that the standard has to be changed and adapted to this continuously changing world. The different Hydro units have different needs concerning Bridge. They are adopting different elements of the new versions and at different times. The new versions are, then, adopted in a variety of different ways, and all new versions are adopted at the same time as all the old versions remain in use somewhere inside Norsk Hydro. There is some kind of a time dependency between the different aspects of openness mentioned above. Implementation related problems appear after definition, maintenance and support problems after implementation, versioning problems after the infrastructure has been in use some time, etc. In the case of Bridge, the aspects of openness were uncovered in the sequence they are mentioned above. Accordingly, in the following sections we will illustrate each of these aspects of openness at the same time as we are telling the story of Bridge as it unfolded over time.
Product development: Opening Pandora's box
The step following the formal approval of the (first version of the) standard was its implementation into a "product." As the standard specified only a set of commercial products to be used, this might seem unnecessary. That was far from being the case. Products such as those involved here may be installed and configured in many different ways. To obtain the benefits in terms of less costly installation, maintenance and support of these products, they had to be installed coherently on all computers. Such a coherent installation is also crucial for establishing a transparent infrastructure where information may smoothly be exchanged between all users. Reaching these objectives, a considerable development task had to be carried out. The task included primarily bundling work in forms of developing configuration and installation scripts, i.e. scripts installing the applications in the same way "automatically." Developing these scripts was quite a challenge. Lots of unforeseen problems popped up, implying that the initial staffing was all too low and the members of the development team felt the problems were overwhelming in relation to their capacity. As the project did not get new resources, the project team was close to giving up several times. However, the implementation of the first Bridge version of the desktop applications package was declared finished by the 1st of January 1995. When the product was launched, it was, however, far from free of errors.
Until the product implementation project started, Bridge had been seen (or at least treated) as a self-contained package. During the product development it was "discovered" that that was definitely not the case. To work as a shared infrastructure, this infrastructure itself required an extensive underlying and supporting infrastructure. In general, smooth implementation of a standard at one level requires a standardized infrastructure at the level below. However, the infrastructure underlying Bridge was far from standardized within the company. The major problems during the product development project can be seen as caused by the lack of standardization of the underlying infrastructure. Solutions to the problems were attempted by standardizing each layer as they were uncovered.
The first and immediately underlying layer "discovered" was the operating system. Virtually all PCs were running DOS or Windows, so agreeing on Windows as the OS standard was not controversial.
A large number of PCs were running in local area networks running LAN software and possibly a networking operating system. This "layer" also had to be standardized for several reasons: most Bridge applications would be installed on a file server and not on each individual PC, the applications (users) were storing their files on such servers and using other shared resources like printers, etc. On this level, a standard based on Novel's LAN products was specified. This included the design of a specific LAN topology to be implemented everywhere.
Dealing with the PC hardware layer was certainly the most demanding implementation challenge. PCs were discovered to differ significantly with respect to external device adapters (LAN, screen, keyboard, mouse, etc.) and their drivers, BIOS, memory, etc. This was so in spite of the fact that they were all "IBM standard" PCs. Later on when laptops were included in the platform to be supported, PCMCIA cards created severe problems.
Standardizing this layer would imply changing most of Hydro's PCs. This was obviously an impossible short term solution because of its costs. But it was considered a necessary long term solution -to be phased in over time. Standardizing the PC platform has been a permanent struggle and several strategies are tried out. The first response was to work out a specification of a "Standard Hydro PC." A seemingly obvious choice, the standard was designed so that there would be only one single PC platform on which to implement Bridge. At the same time Bridge should be vendor independent, at least in the sense that users could buy "standard Hydro PCs" from several vendors. Implementing this strategy, however, turned out to be un-manageable. Those in charge of the standards did not succeed enforcing it. The divisions bought lots of PCs that did not conform to the specifications. The reasons for this go far beyond lack of discipline. Several units (plants, offices) had established relations to PC suppliers and were satisfied with the products and services delivered. For these units switching to another vendor with whom they were not familiar -because their present supplier could not deliver "standard" PCs -had a high price. And for some, finding a new vendor was almost impossible.
Further, the PCs they were buying were all considered as standard, and it was difficult for them to understand why they were not so any more.
In many cases, verifying whether a specific product corresponded to the Hydro standard or not was a major issue in itself. PCs products evolve rapidly. A product model might change even if its model identification does not. Keeping a corporate PC standard in line with the rapid technological change of these products proved too difficult. In addition the PCs they were using were usually considered better than the ones to which they had to switch.
As of the spring of 1998, some (high level Hydro Data management) still argue that strict enforcement of a detailed standard would indeed be the best strategy. It could be successfully implemented through more centralized control by not allowing the divisions to buy PCs except through Hydro Data. Others see this as too bureaucratic and expensive, arguing that the only way to achieve this would be to buy PCs for everybody in Hydro, for instance once every third year. Then all get exactly similar products. In addition, Hydro must have in stock the number of PCs needed to replace those breaking down and the number of PCs needed in case the number of employees or PC users are growing during the three year period.
The efforts aiming at strict standardization of PCs have been given up. It is simply beyond reach. The specification of the latest version of Bridge says that it shall support any "standard" PC from any "major" manufacturers selling PCs "globally."
In parallel with the implementation of the Bridge infrastructure, communication generally has become more important. This implied that the global IP based network being built, Hydro InterLAN, also was included into Bridge. The underlying layers are indeed heterogeneous: two MBits leased lines, telephone services, broadband networks (ATM), radio and satellite communication (to oil platforms, for instance), etc. However, this heterogeneity has not caused any trouble since TCP/IP runs smoothly on top of all of them.
All major difficulties during product development were related to the desktop applications -and not Notes. Notes disappeared into the shadows in spite of the fact that Notes was said to be the key product when the decision was made. The desktop applications were brought into focus basically due to the fact that there was already an infrastructure -although a fragmented one -in place. The implementation of the Bridge standard implied that the existing infrastructure should be turned into a new one. In this process several users (divisions) had to stop using their existing applications and switch to others. Concerning Notes, however, the infrastructure was designed from scratch. There was no infrastructure to be replaced -no installed base to fight (Arthur, 1987; Hanseth, forthcoming) . Replacing one infrastructure by another is the most challenging issue, technologically as well as politically. Technologically because the transition will take some time, and during this period both the old and the new have to work and maybe even interoperate. Politically, simply because most users prefer the products and applications they are experienced in using. Notes' life in the shadows was, however, a quite active one. Using Notes as an infrastructure both within and across divisions required an extensive underlying infrastructure, composed of several layers. A hierarchy of hubs and spokes of Notes servers was set up to take care of the routing of messages and data transfers when replicating data bases. A globally available directory service was established, and addressing structures, access rules and security certificate structures were specified. Each of these services or layers are infrastructures in their own right. They constitute shared services that are accessible and distributed globally.
A test infrastructure consisting of seven Notes servers were set up. This worked well, and the implementation was declared finished by the 1st of September 1994. In the final operational infrastructure 103 servers were included.
The various infrastructures disclosed in the implementation of the Bridge standard are illustrated in Figure 1 .
Further, when we look closely at each of these layers, we will see that they themselves are composed of several layers of (sub-)infrastructures. Opening the "black box" of Notes layers in Figure 1 , for instance, we will find at least five layers of global infrastructures, as illustrated in Figure 2 .
The lack of standardization of an infrastructure's underlying layers will often be visible to those using and maintaining the infrastructure. This may imply that the infrastructure does not appear as unified and coherent, but rather as several separate and different ones. The Hydro Bridge standard was initially defined to save the expenditures spent on maintenance and support work. These expenditures were certainly lowered, but not as much as planned because several different Bridge implementations had to be maintained and supported on different platforms.
Diffusion, adoption and use: Meeting the local
When (the first version of) Bridge was launched, its adoption by the different units inside Hydro started. The common view seeing standards as universals means that the standard is just one thing equal for all. That is not how Bridge appeared as the adoption process unfolded. It was seen very differently by the different units due to differences concerning existing computing environment, available resources in terms of money and competence, cultures concerning management styles as well as use of technology, felt need for improved infrastructure, etc. The adoption speed and style also depended on the distance from the main office of Hydro Data. For those already using Lotus products, adopting Bridge meant doing almost nothing. Others had to change considerably. Bridge soon came to encompass several different systems. This implies that some implemented the whole package, others just a few components. In the latter group you would find smaller offices in Africa, for instance, typically having just a few stand alone PCs.
Strategies adopted for implementing Notes on the one hand and the rest of Bridge on the other have been very different. The desktop applications have been intensively pushed from the top. Notes, however, was initially not pushed at all. Later on it has been pushed as an e-mail system.
The differences in strategies and among the different units have implied that the Bridge is not implemented as one coherent universal package, but rather as many different ones which need to be integrated and linked together to make the overall infrastructure work. First we will look at how this happened in relation to the desktop applications, then Notes.
OFFICE SUPPORT (DESKTOP) APPLICATIONS AND THEIR PLATFORM
The desktop part of Bridge diffused pretty fast. In April 1998 there were about 18,000 users, which means that it has diffused throughout most of the Hydro corporation. However, the diffusion speed and patterns have varied a lot among the divisions.
The Oil & Gas division is always the first to adopt any new technology -so also with Bridge. However, Oil & Gas was a heavy user of Microsoft products, so the adoption of Lotus SmartSuite products has been somewhat mixed. The Lotus package is installed and used to some extent. Microsoft products were, however, still used a lot. This is partly due to local resistance among experienced Microsoft users, but more important, the close collaboration with other oil companies using Microsoft products. The general rule established within this collaboration is that the company being the operator of an oil field to be developed determines what tools to use. That means that Lotus products are used in the projects where Hydro is the operator. In cases where a company using Microsoft products is the operator, Hydro has to use these products as well.
Within the oil sector it has always been important to be advanced in using new technology to stay competitive. The actors in this sector have lots of money, and most employees are highly educated engineers which are always focused on finding better tools.
The large agriculture divisions also adopted Bridge rather fast. The adoption was pretty smooth and easy as they already used Lotus applications, except the word processor. For them, adoption of Bridge basically meant switching from WordPerfect to AmiPro. They also used Novel's LAN technology already. Their existing network topology, however, was different from what Bridge specified. So, they had to restructure their network. This implied hard work for the technical personnel, but did not have any significant implications for users. Giving up the familiar word processors, however, felt painful for lots of users -making considerable noise.
Other divisions were more reluctant because they had an installed base of solutions significantly different from what Bridge specified. In particular, adoption of Novell was challenging and expensive for those having large Banyan Vines installations. The transition to the Novell based Bridge standard took time, and happened stepwise. Throughout this process, lots of different network structures were in operation. This required local customizations of other parts of the Bridge standard to make them run on top of the local networks.
The light metal (aluminum and magnesium) divisions have been slow in adopting Bridge. The aluminum divisions were fusioned into the company latest, having their own systems considerably different from those found in most other divisions. In addition, they have a culture stressing local independence. For this reason they were all the time negative towards Bridge and resistant concerning adoption. The magnesium division has also been slow in adopting Bridge. For them, the basic problem has been the costs. They are continuously struggling with too low incomes and have had problems in finding space for Bridge investments in their budgets. This is in strong contrast to the Oil & Gas division.
There is also variation in diffusion speed within divisions. All new products and versions are first installed in Hydro Data, being the permanent pilot site. The next units are those physically located at Vaekerø in Oslo which is the largest Hydro Data site and the largest office in Norway housing major parts of the Oil & Gas and Technology & Projects divisions.
To make this heterogeneous infrastructure work, filters and converters for word processing formats still had to be used. In addition, different viewers are included in Bridge to let users easily get access to documents produced by tools they are not using themselves.
EXTERNAL COMMUNICATION
One of the desktop applications was more difficult to implement coherently in the organization than any other: E-mail. Companies always communicate with externals. With the diffusion of the Internet, supporting such communication by computers has gained much attention. Hydro has also adopted the Internet and integrated it with Bridge (more on this in a later section). However, they are already using several other computer networks for various purposes. They are developing a considerable network together with other oil producers and engineering companies working within the oil sector in Norway. They are using an X.400 2 based netwrok as carrier for EDIFACT messages.
In finance and trading activities they have been using Telex for a long period and they are, for instance, using a proprietary system delivered by Digital for communication with the aluminum exchange in London. They have even bought a new computer based Telex system, running on a PC under the CP/M operating system! These various e-mail and messaging systems are partly used separately, implying that quite a few users are using several of these systems. Others are integrated and interconnected through gateways. The new Telex system, for instance, is integrated into the overall message handling infrastructure. Telex messages can be sent and received as Notes e-mails through an X.400 system.
Hydro's policy, saying that they should use only Notes (and cc:mail up to now) for message based communication implies that these systems should be replaced. That has not happened. And there is no indication that they will either. The use of most of these systems has deeply penetrated the work practices within which they are used, as most infrastructures do (Joerges, 1988) . And because Hydro is only one of many organizations included into these practices and networks, it is far beyond Hydro's power to replace, for instance, Telex technology by other systems.
NOTES
While the office support applications and their platform (Windows, the PC standard, the Novell network design) where pushed from the top, Notes was just implemented as a technical infrastructure and provided to the users to be used as preferred by the users themselves. This is, in fact, the traditional way of implementing infrastructures like railroads, electricity plants and networks, telecommunication services, etc.
As Notes has not been pushed, its diffusion has been slower than the rest of Bridge. It has, however, been adopted to a significant degree. In April 1998 1400 different applications were in use. Most of these are "discussion data bases" for specific projects, in particular projects related to IT. SAP implementation projects constitute the largest group. And again -Oil & Gas is the heaviest user. Currently, they have about 400 different applications. Notes is in this division used, for instance, to make all specifications concerning working procedures electronically available for all employees. All manuals describing working procedures at oil plat-forms are stored in Notes data bases. This implies that everybody working at oil platforms (except some catering personnel) are regular Notes users.
Cooperation has become increasingly more focused in Hydro. "Experience sharing" across all units, including divisions, has become an important element in the strategy for making Hydro more competitive globally. And using Notes to support such forms of inter-divisional cooperation has emerged as an important issue. Some "experience sharing" data bases are also developed. The first such system developed, TENIS, supports sharing of experience about installation (plants, oil platforms) maintenance. Information included covers personnel and their competence, social networks, reports/documents, etc. This system was planned before Notes was available as a tool. However, as Notes was decided standard when the implementation started, it was considered a reasonable choice. When finally implemented, the head of the corporate IS department considered TENIS a paradigm example of a tool for experience sharing across divisions. When the system was up and running, the person responsible for its development was moved to the corporate IS group to "abstract" out of the system a general concept which could be implemented in many different areas, and subsequently manage the first implementation of this system concept in form of a new Notes application supporting the "Year 2000" activities within Hydro.
Notes has been adopted according to a pattern where simple and obvious applications were developed first and more advanced and creative ones later on. The first applications were data bases containing various information distributed from corporate headquarter. Most of this information is considered irrelevant. Exceptions are rates for how much money employees can spend on food and hotels when travelling. Accessing such information was most users' first experience with Notes. Early on, Notes also became adopted as mail system -first in Hydro Data. This simple use did, however, give the users opportunities to explore Notes' features and generate ideas about more extensive use. The trend has been that Notes "in use" has evolved from an e-mail system and data bases with corporate information into discussion data bases and document archives for projects, and further "experience sharing" data bases shared across the divisions. This diffusion pattern had also Hydro Data at its center. Most projects using Notes are related to IT. Most of them are involving only Hydro Data personnel, and several are involving users as well. The latter type of projects have been important in bringing Notes into the divisions as a tool supporting cooperation. SAP projects have been important in this respect.
A few more typical groupware applications are developed. One such is an application developed for and used by an organizational unit managing contracts concerning ships hired for fertilizer transport. This unit is geographically located both in Sluiskil in the Netherlands and Porsgrunn in Norway. Notes enables staff in this unit to collaborate closely across the national borders. The idea behind this system emerged when one person well acquainted with Notes coincidentally got involved in discussions about how this task should be organized in the future.
The bottom-up driven diffusion and adoption of Notes implied weak coordination of the design of the individual Notes data bases and applications. All Notes applications are defined by a template. No centralized control of template definitions was (tried) enforced except that all templates had to get approved by Hydro Data -after being implemented. This has led to a proliferation of templates: 500 different ones are defining the 1.400 different applications (data bases). Some degree of standardization has taken place at local levels because designers being involved in the design of several templates have tried to make them uniform.
The collection of Notes data bases constitutes an information infrastructure in itself as most users are using a larger number of databases containing complementary and related information. If the data bases were carefully design, the whole collection could appear as one coherent information repository. This is not the case. The high number of templates has been leading to a fragmented infrastructure at this level, often confusing users accessing several data bases as they have to navigate through the same information in different ways. More standardization of the templates would make it easier to find information in a new data base if one is familiar with a similar one. In 1998 Hydro developed a "search engine" enabling users to search for information across all Notes data bases. More strict standardization would also make it possible to develop more powerful search tools.
A more strict standardization of Notes templates and data bases could hardly be imposed without slowing down the diffusion of Notes. Without any Notes experience, nobody could tell exactly how Hydro should use Notes, and accordingly not specifying the templates either. Locals had to be granted the freedom to develop the applications they thought that they would need. Efficient utilization of Notes required extensive learning about how Notes could help improve a wider range of activities in Hydro. Such learning can only happen through exploring and experimentation with the technology. A centralized control of template definitions would hamper these processes.
Applications integration: Including the environment
THE PROBLEM
We illustrated in section 5 how a smooth implementation of a standardized infrastructure on one level recursively requires a standardized infrastructure on the level below. A similar problem is found along the border between an infrastructure and its environment. When using the term context we are here referring only to applications which are not a part of the Bridge standard but related, in on form or another, to the applications included in Bridge. An application becomes a part of Bridge's environment when it is used within the same or related tasks as a Bridge application.
There is an important difference concerning the relations between the Bridge standard/infrastructure and its underlying infrastructure on the one hand and Bridge and other applications in its environment on the other. Bridge requires an under-lying infrastructure -otherwise it will not work. Which applications populate its environment, however, is accidental. These are applications that the Bridge users decide to use in a way making them related or linked to each other. How these links are addressed and managed are accordingly different.
The applications that are included in another's environment can to some extent be specified at the same time as one is deciding to adopt an application. But the collection of applications used varies over time and so does how each application is used. Further, the way a user really uses her tools is to a large extent tacit. This means that an application's environment will be disclosed as the users go along using it.
Dealing with borders is also closely related to learning. As an infrastructure is used, one discovers new ways of using it, it drifts and "meets" other infrastructures. And this happened with the Bridge applications. One strategy for dealing with evolving use and drift is to include an application in the environment into the standard. We have mentioned above the inclusion of Microsoft applications and various "viewers." As the Internet was growing in popularity, its relationships to the Bridge applications became closer, leading to the situation where it was included into Bridge. Among others a package of administrative applications (for smaller offices), called SUN, was included.
Some applications are linked together in a way making them interdependent. This leads to a need for standardizing the interfaces between them and how to use of them. Other applications are included because of relationships on a more abstract level. For instance, applications already included and some outside may be seen as "really of the same kind." So if one is included, then the others should be included as well.
The strategy followed in the examples above -i.e. when a relationship between one application inside the standard and one outside is discovered, the latter is included -might in some cases be the best one. But it does not work as a general strategy. Each component in a standard has its environment, and different components have different environments. This means that environments are indefinite. Trying to solve this problem by extending the standard to cover what is linked to it will lead to indefinite regress. This means that one cannot solve this "border" problem. Further, borders cannot be drawn once and for all. They continuously have to be renegotiated and maintained through more or less ad-hoc links and various forms of gateways.
We will illustrate in more detail the relationships between the inside and the outside and how changes on one side interfere with and affect what is on the other by looking at the integration and links between the Bridge infrastructure and SAP
SAP
The Bridge infrastructure has been built in parallel with a considerable SAP infrastructure. 4 These infrastructures were initially considered completely separate. But they have become increasingly intertwined as they have grown. The first SAP applications were installed in the agriculture division in France in 1990, and SAP was settled as the corporate standard in 1994. At that time SAP implementation projects were going on in parallel projects in several divisions. As Bridge and SAP have been implemented in Hydro, they have also been closely tied together as illustrated by Figure 3 . However, Hydro has never considered to include SAP in Bridge. SAP is outside the scope of Bridge and it is a too big and complex issue to be seen as just a part of Bridge. The relationships between SAP and Bridge have to be managed without being part of the same standard.
During the SAP implementation process a wide range of links between SAP and Bridge were uncovered. Some of these were in fact "known" in advance and taken care of in the design process. This covers the part of Bridge which implemented infrastructural services required by SAP like PCs, operating system, data communication network, etc. Other links emerged during the process. This includes services like maintenance and support. Some important links seem still to be invisible to those involved. And the links do not always cause trouble. In some instances, SAP and Bridge are even mutually dependent and are mutually enhancing each others' development and use.
Data transfer
Some divisions, for instance, discovered that the SAP applications have rather complex user interfaces. For infrequent users this constitutes a big problem. Some divisions have tried to solve this problem by developing Notes interfaces to their SAP applications as well as others. This turned out to be quite a challenge, not the least because of SAP's policy in relation to allowing their customers to integrate SAP and other applications. For some needs, data form SAP applications are extracted and made available through the Web based Intranet. Data are exchanged between SAP applications and others, in particular spreadsheet (1-2-3) and other Bridge applications. In some cases, data are transferred manually by means of cut and paste operations. In others, scripts and programs are developed to transfer data more or less automatically.
SAP-driven Bridge implementation
When the Bridge standard was extended to included PCs, operating systems, and network protocols, this part of the standard was defined with a focus on the requirements of the Bridge applications. However, it was obvious that this part of Bridge also had to support other applications used by Bridge users, and accordingly it defined the infrastructure underlying SAP as well. Further, in some cases, SAP and Bridge had to rely on shared underlying services, like for instance user support. We will now look at a case from the European fertilizer division (called HAE) where SAP and Bridge required different kinds of services (as seen by those responsible for them).
The European fertilizer division has since 1995 been developing a considerable SAP implementation to support a new organizational structure integrating all units in Europe. The SAP solution runs on top of the Hydro Bridge infrastructure as the SAP applications require -of course -PCs, operating systems, communication networks, etc. This part of Bridge turned out to fit SAP very well.
The implementation of Bridge in HAE turned out to be strongly influenced by SAP. Shortly after the decision to go for SAP, the IT manager concluded that Hydro itself did not have the resources and competence to take responsibility for the required data processing and operations services. HAE then decided to outsource these functions to a major global company offering such services.
The SAP transaction processing would run on computers physically located at a large processing center in UK. When the decision about outsourcing SAP processing was taken, the IT management in the division thought that it would be an advantage if the same service provider also delivered the required network services connecting the client software on local PCs to the servers. So they decided to outsource that as well. Moreover, they also believed it would be beneficial to have just one provider responsible for the whole chain from the servers running the SAP data bases through the network to the hardware equipment and software applications used locally. Accordingly, a contract was signed covering three areas -called processing, network, and (local) site management respectively. At this time Bridge had been extended to include Hydro's global network. This contract meant than that the design and operation of the Bridge network was handed over to the service provider, as was the responsibility for installation and support of all elements of Bridge locally (PC operating system, desktop applications, the Notes infrastructure and applications, Internet software and access, etc.).
So far the outsourcing has been a mixed blessing. The network and processing services are fine, but site management (i.e. local support) has been problematic. The major problems seem to be related to the fact that the actual global service provider has organized its business in independent national subsidiaries, and is not able to carry out the required coordination across national borders. In addition, some problems are related to the fact that the site management contract specifies that users should call the help desk in UK when they need support. The threshold for doing this is quite high for large user groups not speaking English, although the help desk should have people speaking all major European languages. When getting in contact with the help desk, problem solving is experienced to be much more difficult than when getting assistance from local support personnel. In this way SAP has made the support of Bridge far more complex than desired. The site management contract was cancelled towards the end of 1998.
Using Notes
To make the SAP project succeed people from all sites had to be involved to provide the project with the required knowledge about how tasks were performed and business was conducted at different sites. For a project of this size and distributed nature, smooth communication is mandatory. Notes applications have been used as e-mail system, project document archives, and discussion data bases. As such, Notes has been a crucial infrastructure making possible the required cooperation between those involved all over Europe.
Notes has been widely used by virtually all SAP projects in Hydro, and SAP projects have in many divisions been the first users of Notes. In that way SAP has been an important agent for making Notes diffuse. The initiatives for using Notes have been taken by IT personnel familiar with the technology and optimistic about its potential contributions to Hydro's overall productivity and efficiency. As all SAP projects are large and involve numbers of different user groups, knowledge about and practical experience with the technology become widely spread. SAP projects seem to be the most intensive users of Notes, and accordingly SAP one of the most important actors in making Notes diffuse in Hydro.
NOTES AND THE INTERNET
There is often an overlap in functionality between components of an infrastructure and components in the environment. This raises the issue about which components that should be used when and for which purpose. The relations between the Internet/Web and Notes are very much of this kind. Where to draw the border between the areas where each of them should be used is hard to specify. In almost any case when the development of a Notes application is considered, one could just as well use Internet/Web technology. This means that where the border should be drawn has to be defined in every single case. Over time an organization changes and technology evolves, implying that the border can drift 5 significantly.
To avoid making the definition of the border a time consuming effort full of conflicts, a smooth interface is required. 6 Inside Hydro, Internet technology is used for developing an "intranet." The Web technology overlaps a lot with Notes, so the Web based Intranet and the Notes infrastructure are integrated. In many cases it has been considered a fairly open question whether to use Notes or Web technology. A Web interface to all Notes data bases (through Domino) has been provided. The divisions developing Notes interfaces to their applications do the same for Web.
As the integration between Notes applications and Internet (technology) was growing rapidly, Internet technology has also been put into the Bridge standard.
The close links between solutions based on Internet technology and Notes applications also include positive interference by causing a spill-over 7 in the sense that solutions available in the Internet world are also developed for Notes. An example, Hydro has also developed a search engine similar to those found on the Internet for searching across all Notes data bases.
ORDER'S DIS-ORDER
Standards and infrastructures interfere with each other. Some times a simple interface can easily be specified while the infrastructures stay rather independent. In other cases, they interfere in a way actively supporting each other so that each makes the other more useful. However, in some cases they cause trouble for each other in a way that requires careful attention. The site management problems prove that what seemed to be a wise decisions from a SAP point of view, was at the same time a bad decisions from the Bridge perspective. Standards are settled in order to create order. A smooth interaction between standards requires a global order. But such a global order is beyond reach in our complex world. We define local standards creating local order. Each local order interacts with others. And as long as there is no global order, one local order -however well it is designed -will create disorder in its environment. SAP's order was Bridge's dis-order.
Maintenance, support and user training: Designing the non-technological elements of the infrastructure
The Bridge infrastructure requires more supporting layers than operating systems, network services, etc. It also requires non-technical services: user training, maintenance and support (see Figure 4) . Such services are equally important as technical layers like operating systems and networks. The non-technical supporting infrastructure required by Bridge has been hard to establish. In fact, these are the required underlying infrastructures that Hydro has managed less successfully to implement. We will here mentioned three reasons for this. First, these infrastructures are beyond the control of the Bridge team. This is illustrated by the SAP project presented above. For most divisions, the support services required by Bridge are seen just as a part of the overall IT support services within a division. How these services are set up, for instance whether they are provided by an internal IT department, bought from Hydro Data, or outsourced to another organization is -as in the SAP case -mainly based on what is believed to serve the "mission critical" applications best.
Second, the problem is partly due to the fact that most of those involved in the design of the Bridge standard are technicians being blind to non-technical elements in the infrastructure. The problems related to lack of user support and training have only been addressed as far as they can see technological components that may be proper solutions. Advanced tools for IT infrastructure management, systems for "automatic" downlowding of applications, a CD-ROM based training program, etc. have been developed and included into the Bridge package. However, very little seems to have been done to identify the needs for support and training, and how services satisfying the needs could be established.
The blindness for the non-technological elements is related to the third issue we will mention. There is huge local variation in what kind of services that are needed as well as the bases which they can rely upon. The needs depend upon factors like what kind of work is done, what kind of applications are used, which parts of Bridge are used, the general competence of the users, and -not the least -their knowledge about IT. How to establish support and training services depend, among other things, on what kind of resources -human and technical -are available. The kind of support services Hydro can offer its users in, say Africa, is rather different from what is easily available to those having office in the same building as most Hydro Data people.
Hydro Data serves as the permanent site for pilot testing. As an IT department, the staff is very knowledgeable about how to use the Bridge tools. Further, the computing equipment and competence of the support staff are the best in Hydro. And it is certainly far beyond what is found at smaller offices at remote locations. The competence level and services provided are taken for granted. The technicians do not see the role the support personnel are playing and how Vaekerø differs form other sites in this respect. This fact is reflected in a statement expressed by users working in Hydro: "Bridge is the world as seen from Vaekerø." Figure 5 . The evolution of Bridge.
The technical and non-technical components of the supporting services are interdependent. Which non-technical (human, organizational) services that are required depends on the design of the technical services. For instance, the need for user training will decrease if a carefully designed computer based user training package is provided. Further, the need for support also depends on how the technology is designed. Hydro Data has experienced, for instance, that equipment running at remote locations with limited support needs to be set up in a way making it more robust than otherwise. Disk drives are duplicated, more processing and storage capacity is provided, etc.
Standards evolution: A changing world
THE EVOLUTION OF BRIDGE
From its initial conception, the Hydro Bridge standard has changed considerably. Several new versions have been defined. Doing so is partly a result of learning and of Bridge's own success, and partly a result of the needs to adapt to a continuously changing world (as illustrated, for instance, by the Internet example above).
Previous sections have mentioned lots of components being included into Bridge since its initial definition. We will mention some more: A second version of the Notes infrastructure was operational in May 1997. It introduced a new service providing high speed replication of databases following the established structure of hubs and spokes and a service providing replication directly between servers bypassing the hierarchical structure of hubs and spokes. Hydro templates for standard documents like letter, memo, fax front page, summons to meetings, minutes of meetings, etc. were defined, and a central directory service for resources across Hydro's different technologies is under development. The components included in Bridge are split into two categories. The core of Bridge is called "Basic Bridge" and the rest "Bridge Extensions." All divisions have to pay for what is included in "Basic Bridge" -whether they want it or not. "Bridge Extensions" are paid for separately. Changing from one Bridge version to the next is a challenging task. Migrating to Bridge 97 means moving from Windows 3.1 to Windows 95 or NT. This implies that all applications had to be ported. This did not cause much trouble for most commercial products. But Hydro is using a wide range of in-house developed PC software. Porting this software, however, has been a major task.
The Bridge standard has been growing considerably since its initial conception, as illustrated in Figure 5 and Table I . The character of the Bridge standard and infrastructure has also changed similarly. This change is reflected in how Hydro defines Bridge. When the decision about Bridge first was made, its scope was Notes and desktop applications (like text processing, spreadsheet, and business graphics). In April 1998 the scope of (the latest version) of the Bridge standard was defined to develop and establish
• standards and procedures for -installation, operation and support of the Hydro Bridge infrastructure, including communications -maintenance and distribution of software • a support organization • user training As the standard has grown, its internal structure has changed. While it was clean and well structured at the time of conception, during its change the increasing number of parts are overlapping and linked together in an increasingly more complex lattice, as illustrated in Figure 7 .
Bridge has been growing along several dimensions: users and use areas, the number of applications, degree of duplication, and by including the required underlying services.
In addition to the growth of Bridge from one version to another, the different speed of adoption and version updates among the divisions make the Bridge infrastructure a tremendous chaos. Some divisions move fast to new versions, others are very slow. The file formats of desktop products change from one version to the next. The products are usually backward compatible so that later versions may read files produced by older ones. The opposite is not the case, accordingly new product versions means incompatibilities between tools used in different divisions. Bridge is growing from one version to the next. But a new version is only partially replacing the old. The old ones are still in use -which means that the new versions are introduced in addition to the old ones. All this means that the complexity, heterogeneity, and incompatibility of the infrastructure have been growing very fast.
As Bridge has grown, the design team has put much effort into making the interfaces between the different components cleaner. But growth in the number of components has caused an "explosion" in the number of links and relations to be maintained. This growth in complexity is far more extensive than the reduction in complexity gained by the cleaning up of the interfaces. The overall growth of Bridge's complexity means that it is a product currently completely different from the one initial designed.
THE EVOLUTION OF THE ORGANIZATION OF THE DEFINITION AND IMPLEMENTATION OF BRIDGE
Just like the Bridge standard itself, the organization of the activities concerning its definition and implementation has changed tremendously. And just like the standard, the activities have grown enormously in terms of numbers -number of activities and people involved. The content of the first version of Bridge was specified by a small project group reporting to IS-Forum and the Steering Group for IS. Its implementation as a product was taken care of by a project team within Hydro Data. This project team was also installing Bridge on the computers of the first users. But as Bridge diffused, the organizations in charge of the computer systems in the organizational units where Bridge was installed were taking over more and more of the installation (and support) work.
Over time the definition of Bridge as a standard and its implementation as a corporate infrastructure have been carried out by a huge informal network, or community, of people (and organizational units). This network include IT personnel at all levels and super-users in divisions, plants, and offices; personnel at various levels in organizations which some units have outsourced their IT operations to; and the project team at Hydro Data. When the corporate IS unit was established in the fall 1996, the person responsible for infrastructure was given the role of "owner" of the Bridge standard. From that time he and the project team in Hydro Data were playing important roles in coordinating the huge community of Bridge designers and infrastructure builders. (The co-evolution of the Bridge standard, the infrastructure, and the organization of the work have a lot in common with the co-evolution of the collection of Internet standards, the Internet, and the organization of the making of Internet standards and the building of the Internet itself (Leiner et al., 1997) .)
Conclusion
Standards are not universal -in the way usually assumed. They are only universal as abstract constructions. When they get implemented, they are linked to and integrated with local systems and practices, this being applications in the oil sector or telecommunication services (or rather the lack of) in Africa. The universality and homogeneity disappear as standards get implemented. They are locally embedded in a sense making them part of the local, i.e. unique and non-universal. And they are continuously changing -in different directions in different localities.
Standards never creates order -in the way usually assumed. Order can only be created locally or as seen from one perspective. Dis-order is parasitic on order in the sens that creating order from one perspective means creating dis-order from another (Berg and Timmermans, forthcoming). Managing dis-order -as dis-order -is just as important as creating order. One can never solve the dis-order problem by creating order. Doing that is just like trying to catch the treasure at the end of the rainbow.
However, standards matter. The fact that standards are not universal, does not mean that they are not important. They certainly are. All though infrastructures and standards get a local character as they are implemented and used, they do indeed also have some universals aspects. They are local and universal at the same time, i.e. they are local universals (Timmermans and Berg, 1997) . Standards are reducing the dis-order, but there will always be dis-order in terms of incompatibilities and redundancy. These issues have to be taken care of in terms of gateways, ad-hoc patches, duplications, accepting to live with inconsistencies, etc. Successful implementations of infrastructures require skills in dealing with this just as much as skills in setting standards.
Bridge has been in permanent change. Such change is indeed characteristic and fundamental for infrastructures. There are several reasons for this change. Their environment changes and the infrastructure has to adapt. Users and developers learn about the technology as they are using and developing it, discovering new ways the technology can be used. The technology often has to be changed to really fit the new use areas that are "discovered." The kind of infrastructures and standards represented by Bridge is a new form of technology. As such the potential for learning and improvement is huge and the learning speed will usually be high.
The fact that technology has to change due to learning and environmental changes are common for all information system -and technology in general. But the change of infrastructures -its cause as well as the way it unfolds -is primarily tied to characteristics of infrastructures which are not shared with information systems (as they are understood in the information systems field).
Infrastructures are different from information systems in the sense that their diffusion actually designs the very infrastructure 8 (Hanseth and Monteiro, 1996; Lyytinen and Damsgaard, forthcoming) . In the simplest form, even when just one new user adopts the infrastructure, a new node is added and the infrastructure's topology is changed. When the new user starts using the infrastructure, the traffic increases which may further imply that the infrastructure starts behaving differently -even for users not communicating with the new one. This is most visible in cases where congestion phenomena are occurring. The changes caused by adoption will require change in the design of the infrastructure components, i.e. the standards.
Another cause of change of infrastructures is the fact that infrastructures and standards gain momentum as they diffuse (Hughes, 1984; Grindley, 1995) . This process is illustrated by Figure 7 . The larger the installed base of a standard, the more complementary products will be produced, the standard gets greater credibility, which reinforces the value of the standard, leading to further adoptions and a larger installed base, and so on. This model, as illustrated in Figure 7 , applies to a standard. In cases of infrastructure standards, diffusion of the standard means that the infrastructure grows in terms of number of elements or nodes in the network (i.e. reach in Peter Keen's (1991) terms). The complementary products developed will also be linked to, and accordingly become a part of the infrastructure, which Figure 7 . Standards reinforcements mechanism (Grindley, 1995) . implies that the infrastructure also grows in the kinds of components being included and functions supported, i.e. its range (ibid.).
This momentum phenomena is also found in the learning patterns related to infrastructures in a way that is different from information systems. As illustrated in Figure 8 , when an infrastructure grows in terms of users/nodes connected and applications/components included, new user groups adopt the infrastructure and start using the infrastructure in new areas, which lead to the generation of more new ideas and new possibilities about how the infrastructure can be used, leading to improvement of the infrastructure to fit the new use areas better, increasing the functionality, and so on.
The diffusion and adoption of infrastructures and their standards drive their own change. Fast and successful adoption implies radical change. In this way an infrastructure standard is becoming obsolete by its own success. This is reflected in the rainbow metaphor. By trying to catch the rainbow, i.e. defining and implementing a universal standard, one makes it move, i.e. one changes the world the standardized infrastructure is supposed to support.
